(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 431 352 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

23.06.2004 Bulletin 2004/26 

(21) Application number: 02028740.5 

(22) Date of filing: 20.12.2002 



(51) intci. 7 : C09C3/08, C09C 3/10, 
C09C 1/00, C09K 11/02 



(84) Designated Contracting States: 


(74) Representative: HOFFMANN - EITLE 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Patent- und Rechtsanwalte 


IE IT LI LU MC NL PT SE SI SK TR 


Arabellastrasse 4 


Designated Extension States: 


81925 MUnchen (DE) 


AL LT LV NIK RO 






Remarks: 


(71) Applicant: Nanosolutions GmbH 


Amended claims in accordance with Rule 86 (2) 


22525 Hamburg (DE) 


EPC. 


(72) Inventor: Ibarra, Fernado 




20357 Hamburg (DE) 





(54) In fluorine-containing media homogeneously dispersible nanoparticles and media 
containing the same 



(57) The present invention relates to nanoparticles 
being dispersible in fluorine-containing media, compris- 
ing: 

an inorganic nanoparticle core, and 
an outer layer comprising an organic compound 
modifying the surface of the nanoparticle core and 
having a first portion comprising at least one linking 



group for the nanoparticle and a second portion 
comprising at least one fluorinated group, a process 
for their manufacture and fluorinated media con- 
taining the same. 
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Description 

[0001] The present invention relates to a method for 
modifying the surface of nanoparticles in order to make 
them dispersible in fluorine-containing media, the sur- 
face modified nanoparticles obtained thereby and the 
fluorinated media containing the same. 

L Description of the related art 

[0002] Over the last decade nanoparticles, i.e. parti- 
cles having sizes below 1 micrometer, have gained con- 
siderable interest in research and industry due to their 
unique properties. 

[0003] In the case of nanocrystalline inorganic lumi- 
nescent materials, these unique properties include an 
enhanced luminescence, which results from the locali- 
sation of electron-hole pairs or the suppressed concen- 
tration quenching of fluorescence in small particles. Fur- 
ther, the nanocrystalline state leads to materials having 
new magnetic properties such as very high permeability, 
but no magnetic hysteresis loss, materials with very high 
dielectric permeability and materials of enhanced reac- 
tivity and catalytic properties owing to the very high per- 
centage of surface atoms. 

[0004] AS to semi-conductor nanoparticles, quantum 
confinement of both the electron and hole in all three 
dimensions leads to an increase in the effective band 
gap of the material with decreasing crystalline size. Con- 
sequently it is possible to shift both the optical absorp- 
tion and emission of semi-conductor nanoparticles to 
the blue (higher energies) as the size of the nanoparti- 
cles gets smaller. 

[0005] In contrast thereto, it constitutes the particular 
attractivity of nanocrystalline non-semiconductor based 
luminescent materials, in particular rare earth metal 
compounds and rare earth metal-doped metal oxides or 
salts, that their fluorescent emission is relatively narrow 
and does essentially not depend from the host material 
and the size of the nanoparticles. It is rather only the 
type of rare earth metal, such as thulium, cerium, terbi- 
um, holmium, erbium, europium, samarium, neodym- 
ium, dysprosium, praeseodymium which primarily de- 
termines the emission colour. This is described for in- 
stance in US 6,309,701 relating to the synthesis of na- 
nocrystalline rare earth metal-doped metal oxides oper- 
ably bound to polymeric microspheres. Numerous ex- 
amples for rare earth metal-doped metal salts are fur- 
ther found in PCT/DE 01/03433 assigned to the same 
applicant. This document discloses a generally applica- 
ble synthesis method for various nanoparticles, based 
on the use of a phosphorous- or nitrogen- containing 
crystal growth regulating solvent. 
[0006] Nanoparticular transition metal oxides, such 
as titanium dioxide or zinc oxide are further used as UV 
absorbers. 

[0007] Moreover, it is discussed in the scientific com- 
munity (Peter J. Dobson, Paper for "Commercial and In- 



dustrial Applications for Micro-engineering and Nanote- 
chnology", April 26th 1999, London) that nanoparticles 
may also enhance mechanical properties of the medium 
in which they are dispersed. The application of rare 
5 earth oxide fluoride nanoparticles as fibre reinforce- 
ment of ceramic composites is also mentioned In US 
6,316,377. 

[0008] However, often nanoparticles lack sufficient 
dispersibility in the environment wherein they are finally 

10 to be used. 

[0009] G. A. Hebbink, et al. describe in Adv. Materials, 
2002, 14, No. 16, pages 11 47 to 1150 lanthanide-doped 
nanaoparticles and their dispersion in a polymethyl- 
methacrylate) matrix. They further mention that these 

15 systems may be of interest for telecommunication com- 
ponents, lasers, polymer-displays and polymer LEDs. 
[0010] A particularly interesting medium for various 
applications, in particular optical and/or electronic appli- 
cations, are partially or completely fluorinated solvents 

20 or polymers. These differ from the corresponding non- 
fluorinated systems by their higher thermal and chemi- 
cal stability, lower surface energies, dielectric constants 
and refractive indices and higher density. 
[0011] The difference in refractive indices when com- 

25 bining fluorinated polymers with non-fluorinated poly- 
mers can for instance be used in optical applications. 
[0012] Since most polymeric materials which contain 
carbon to hydrogen chemical bonds absorb strongly at 
the 1550 nm wavelength that is often used in telecom- 

30 munication applications, the corresponding fluoro-poly- 
mers which have a significantly reduced absorption at 
1550 nm are particularly attractive, US 6,306,563 (in the 
name of Corning & Co.), discloses for instance radia- 
tion-curable fluorinated compositions usable for optical 

35 devices such as optical waveguides and other optical 
interconnect devices. 

[0013] WO 00/56837 relates to nanoparticulate rare 
earth element (REM) doped compositions, in particular 
halides, such as fluorides and their use in luminescent 

40 devices. In the examples of this document reactive at- 
mosphere preparation of Pr and Dy doped LaF 3 and 
LaCI 3 is compared with solution techniques for the prep- 
aration of Pr, Er and Dy doped LaF 3 . WO 00/56837 men- 
tions also that these REM doped compositions can be 

45 used in non-IR absorbing polymers, such as poly(vi- 
nyifluoride). Teflon AF (an amorphous poly(vinylfluo- 
ride)) and Teflon PFA (a perfluoroalkoxy copolymer). 
However, it is not disclosed how they are dispersed in 
these matrix systems. 

50 [0014] In view of the unique properties of nanoparti- 
cles of semi-conductor and/or luminescent type which 
can be used for light amplification and light emission it 
is, therefore, of interest to find methods of increasing 
the dispersibility of nanoparticles in fluorinated media. 

55 This would create new applications in the area of light 
transmission and ampiification or the conversion of light 
of a specific wavelength into another. These processes 
are typically used in laser techniques, in the communi- 
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cation technique and in high energetic light transmission 
processes, for instance in liquid light-transmitting me- 
dia. 

[0015] Further, it would be possible to make use of 
other interesting properties (mechanical properties, UV 
absorption, catalytic properties, etc.) of nanoparticles, 
in particular of the non-luminescent and non-semi-con- 
ductor type, when a technique of incorporating the same 
into fluorinated media could be found. 
[0016] A third very interesting field of application lies 
in phase transfer processes where it can be desired to 
transfer the nanoparticles from non-fluorinated media 
(e.g. hydrocarbons or other non-fluorinated solvents) in- 
to fluorinated solvents. 

[0017] One object of the present invention is therefore 
to provide new nanoparticles showing an increased dis- 
persibility in fluorinated media. 
[0018] A further object of the present invention in- 
volves providing a process for producing such nanopar- 
ticles. 

[0019] Finally, the present invention aims at providing 
fluorinated media containing such particles in a dis- 
persed state. 

[0020] According to a preferred aspect of the present 
invention, the dispersibility of luminescent, in particular 
photoluminescent nanoparticles in visibly transparent 
media is to be increased to a degree that clear disper- 
sions result. 

II. Summary of the Invention 

[0021] The above technical objects are solved by: 

a nanoparticle being dispersible in fluorine-contain- 
ing medium comprising, 

an inorganic nanoparticle core, and 
an outer layer comprising an organic com- 
pound modifying the surface of the nanoparticle 
core and having a first portion comprising at least 
one linking group for the nanoparticle and a second 
portion comprising at least one fluorinated group, 
and 

a process for preparing such nanoparticles, com- 
prising the steps of 

providing the nanoparticles, and 
adding thereto the above surface-modifying 
organic compounds, and 

a fluorinated medium containing the above defined 
surface -modified nanoparticles. 

III. Detailed Description of the Invention 

[0022] Before the surface modification technique of 
the invention is disclosed in further detail, the nanopar- 
ticles to be modified and synthesis techniques for their 
production will be explained. 



Ilia. Nanoparticles to be modified 

[0023] The modification technique of the present in- 
vention can be applied to various types of nanoparticles 
5 in terms of shape, size and chemical composition. 
[0024] The shape of the nanoparticles can be for in- 
stance needle-like, or preferably ellipsoid-like or sphe- 
roidal. Typically they represent crystalline material (na- 
nocrystais). 

10 [0025] The nanoparticles to be used preferably have 
a size, measured along their longest axis, of 1 to 100 
nm, more preferably maximally 50 nm. Sizes of maxi- 
mally 20 nm, maximally 15 nm, maximally 10 nm, max- 
imally 8nm and 4 to 5 nm are even more desirable. In 

15 each case the standard deviation is preferably less than 
30 %, in particular less than 10 %. 
[0026] In terms of chemical composition, a distinction 
shall be made between luminescent and non-lumines- 
cent materials. As "luminescent materials" we under- 

20 stand synthetically produced crystalline materials that 
absorb energy acting on them and subsequently emit 
this absorbed energy as light, either immediately ("fluo- 
rescence"), which is preferred in the present invention, 
or over a longer period of time (sometimes referred to 

25 as "phosphorescence"), in excess of thermal radiation. 
"Luminescence" arises from excited states in atoms or 
molecules having a lifetime of at least 10 -9 sec. 
The absorbed energy can stem from cathode rays 
(cathodoluminescence), X rays (X ray luminescence), 

30 electrical field strength (electroluminescence), and pref- 
erably from low energy photons (photoluminescence). 
The most preferred materials absorb low energy pho- 
tons and emit the absorbed energy as "fluorescence". 
[0027] The nanoparticles to be used in the present in- 

35 vention can for instance be be selected from: 

1 . Semiconductors of lll-V type, such as GaAs, GaP, 
GaAsP, GaSb, InAS, InP, InSb, AlAs, AIP and AlSb 
or ll-VI type, such as CdS, CdSe, CdTe, HgS, ZnS. 
40 The synthesis of such nanocrystalline semiconduc- 
tors is for instance described in US 5,505,928. They 
can be used in a doped or undoped state and be of 
luminescent or non-luminiscent type; 

45 2. non-doped metal oxides which are used as hard 
materials such as alumina or UV absorber such as 
titanium dioxide or zinc oxide; or luminescent non- 
doped metal oxides such as Eu 2 0 3 ; 

so 3. fluorescent, doped metal oxides , such as those 
described in US 6,309,701 , including host metal ox- 
ide such as Y 2 0 3 , Zr0 2 , ZnO, CuO, Cu0 2 , Gd 2 0 3 , 
Pr 2 0 3 . La 2 0 3 , and mixed oxides, being doped with 
at least one rare earth metal (hereinafter to be un- 

55 derstood as Sc, Y, La and the elements 58 to 71), 
in particular Eu, Ce, Nd, Sm, Tb, Gd, Ho, and/or Tm; 

4. non-doped metal salts wherein the anion is pref- 
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erably selected from phosphates, halophosphates, 
arsenates, sulphates, borates, aluminates, gal- 
lates, silicates, germanates, vanadates, niobates, 
tantalates, tungstates, molybdates, alkalihalogen- 
ates, other halides (in particular fluorides), nitrides, 
sulphides, selenldes, sulphoselenides, as well as 
oxysulphides. The metals preferably belong to the 
main groups 1,2, 1 3, or 14, the subgroups 3, 4, 5, 
6, 7, or the lanthanides. Preferred embodiments of 
non-doped metal salts comprise: 

phosphates of the corresponding number of 
metals (to ensure charge neutrality) selected 
from main group 2 (e.g. from Mg, Ca, Sr, Ba), 
group 3 (e.g. Sc, Y, La), or lanthanides (ele- . 
ments 58 to 71, i.e. Ce, Pr, Nd, Pm, Sm, Eu, 
Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu); 
sulfates of the corresponding number of metals 
selected from group 2 (e.g. from Mg, Ca, Sr, 
Ba), group 3 (e.g. Sc, Y, La), or lanthanides (as 
above); 

borates of the corresponding number of metals 
selected from main group 2 (e.g. from Mg, Ca, 
Sr, Ba) , group 3 (e.g. Sc, Y, La), or group 1 3 (Al, 
Ga, in, Tl) or lanthanides (as above); 
fluorides of the corresponding number of met- 
als selected from group 2 (e.g. from Mg, Ca, Sr, 
Ba), subgroup 3 (e.g. Sc, Y, La), or lanthanides 
(as above); 

aluminates (e.g. Al 5 0 12 or AI0 4 ) of the corre- 
sponding number of metal atoms selected from 
group 2 (e.g. from Mg, Ca, Sr, Ba), group 3 (e. 
g. Sc, Y, La), or lanthanides (as above); 
gallates (e.g. Ga 5 0 12 ) of the corresponding 
number of metal atoms selected from group 2 
(e.g. from Mg, Ca, Sr, Ba), group 3 (e.g. Sc, Y, 
La), or lanthanides (as above); 
silicates (e.g. Si0 3 or Si0 4 ) of the correspond- 
ing number of metals selected from group 2 (e. 
g. from Mg, Ca, Sr, Ba), group 3 (e.g. Sc, Y, La), 
group 12 (e.g. Zn, Cd) or lanthanides (as 
above) ; 

vanadates (e.g. V0 4 ) of the corresponding 
number of metal atoms selected from group 2 
(e.g. from Mg, Ca, Sr, Ba), group 3 (e.g. Sc, Y, 
La), or lanthanides (as above); 
tungstates (e.g. W0 4 ) of the corresponding 
number of metal atoms selected from group 2 
(e.g. from Mg, Ca, Sr, Ba), group 3 (e.g. Sc, Y, 
La), or lanthanides (as above); 
molybdates (e.g. Mo0 4 ) of the corresponding 
number of metal atoms selected from group 2 
(e.g. from Mg, Ca, Sr, Ba), group 3 (e.g. Sc, Y, 
La), or lanthanides (as above) ; 
tantalates (e.g. Ta0 4 ) of the corresponding 
number of metal atoms selected from group 2 
(e.g. from Mg, Ca, Sr, Ba), group 3 (e.g. Sc, Y, 
La), or lanthanides (as above); 



arsenates (e.g. As0 4 ) of the corresponding 
number of metal atoms selected from group 2 
(e.g. from Mg, Ca, Sr, Ba), group 3 (e.g. Sc, Y, 
La), or lanthanides (as above); 

5 

5. doped, preferably luminescent, In particular pho- 
toluminescent metal salts , wherein the above metal 
salts (including the above preferred embodiments) 
are doped with at least one other dopant metal. Of 

10 course, dopant metal and host metal must differ. 
The dopant metal is preferably selected from 
groups 1 (Li, Na, K, Rb, Cs), 2 (Be, Mg, Ca, Sr) t Al, 
Cr, Tl, Mn, Ag, Cu, As, Nb, Ni, T1, In, Sb, Ga, Si, Pb, 
Bl, Zn, Co and/or group group 3 (e.g. Sc, Y, La), or 

15 lanthanides (elements 58 to 71 , i.e. Ce, Pr, Nd, Pm, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu). The 
dopant is preferably Eu, Ce, Nd, Sm, Tb, Gd, Ho, 
Tm, a combination of Ce andTb or Ce and Dy being 
particularly preferred. 

20 

[0028] "Doping" is to be understood in a broad sense 
and includes substitution of the host metal in amounts 
up to 50, up to 20, up to 10, up to 5 or up to 1 mol%. 
[0029] In the following some examples for preferred 
25 luminescent materials are given which can be used for 
the surface modification of the present invention: 

LikEu; Nal:TI; CshTI; CshNa; LiF:Mg; LiF:Mg,Ti, 
LiF:Mg,Na; KMgF 3 :Mn; AI 2 0 3 :Eu; BaFChEu; BaF- 
30 CI:Sm; BaFBr:Eu; BaFCI 0 5 Br 0 5 :Sm; BaY 2 F 8 :A 
(A^Pr.Tm, Er, Ce); BaSi 2 O s :Pb; BaMg 2 AI 16 0 27 :Eu; 
BaMgAI 14 023:EU; BaMgAl 10 O 17 :Eu; (BaMgAl 2 0 4 : 
Eu; Ba 2 P 2 0 7 :Ti; (Ba, Zn, Mg) 3 Si 2 0 7 :Pb: Ce(Mg, 
BaJAI^O^; Ceo^Tbo^MgAI^O^; MgA! 1t 0 19 : 

35 Ce.Tb; MgF 2 :Mn; MgS:Eu; MgS:Ce; MgS:Sm; MgS 
(Sm, Ce); (Mg, Ca)S:Eu; MgSi0 3 :Mn; 3.5MgO. 
0.5MgF 2 GeO 2 :Mn; MgW0 4 :Sm; MgW0 4 :Pb; 
6MgOAs 2 0 5 :Mn; (Zn, Mg)F 2 :Mn; (Zn, Be)S0 4 :Mn; 
Zn 2 Si0 4 :Mn; Zn 2 Si0 4 :Mn,AS; ZnO:Zn; ZnO:Zn,Si, 

40 Ga; Zn 3 (P0 4 ) 2 :Mn; ZnS:A (A=Ag, Al, Cu); (Zn, Cd) 
S:A (A=Cu, Al, Ag, Ni); CdB0 4 :Mn; CaF 2 :Dy; CaS: 
A (A=lanthanides, Bi); (Ca, Sr)S:Bi; CaW0 4 :Pb; 
CaW0 4 :Sm; CaS0 4 :A (A=Mn, lanthanides); 3Ca 3 
(P0 4 ) 2 Ca(F, CI) 2 :Sb, Mn; CaSi0 3 :Mn, Pb; 

45 Ca 2 AI 2 Si 2 0 7 :Ce; (Ca, Mg)SIO a :Ce; (Ca, Mg)SiO a : 
Ti; 2Sr06(B 2 0 3 )SrF 2 :Eu; 3Sr 3 (P0 4 ) 2 .CaCI 2 :Eu; 
A 3 (P0 4 ) 2 .ACI 2 :Eu (A=Sr, Ca, Ba); (Sr,Mg) 2 P 2 0 7 : 
Eu; (Sr, Mg) 3 (P0 4 ) 2 :Sn; SrS:Ce; SrS:Sm,Ce; SrS: 
Sm; SrS:Eu; SrS.Eu.Sm; SrS:Cu,Ag; Sr 2 P 2 0 7 :Sn; 

so Sr 2 P 2 0 7 :Eu; Sr 4 AI 14 0 25 :Eu, SrGa 2 S 4 :A (A=lantha- 
nides, Pb); SrGa 2 S 4 :Pb; Sr 3 Gd 2 Si 6 0 18 :Pb,Mn; 
YF 3 :Yb,Er; YF 3 :Ln (Ln=lanthanides); YLiF 4 :Ln 
(Ln=lanthanides); Y 3 AI 5 0 12 :Ln (Ln=lanthanides); 
YAI 3 (B0 4 ) 3 :Nd,Yb; (Y,Ga)B0 3 :Eu; (Y,Gd)B0 3 :Eu; 

55 Y 2 AI 3 Ga 2 0 12 :Tb; Y 2 SiO s :Ln (Ln=lanthanides); 
Y 2 0 3 :Ln (Ln=lanthantdes); Y 2 0 2 S:Ln (Ln=lantha- 
nides); YV0 4 :A (A=lanthanides, In); Y(P,V)0 4 :Eu; 
YTa0 4 :Nb; YAI0 3 :A (A= Pr, Tm, Er, Ce); YOCkYb, 
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Er; LnP0 4 :Ce,Tb (Ln=lanthanides or mixtures of 
lanthanides); LuV0 4 :Eu; GdV0 4 :Eu; Gd 2 0 2 S:Tb; 
GdMgB 5 O 10 :Ce,Tb; LaOBrTb; La 2 0 2 S:Tb; LaF 3 : 
Nd.Ce; BaYb 2 F 8 :Eu; NaYF 4 :Yb,Er; NaGdF 4 :Yb,Er; 
NaLaF 4 :Yb,Er; LaF 3 :Yb,Er,Tm; BaYF 5 :Yb,Er; 5 
Ga 2 0 3 :Dy; GaN:A (A= Pr, Eu, Er, Tm); Bi 4 Ge 3 0 12 ; 
LiM0 3 :Nd,Yb; LiNb0 3 :Er; LiCaAIF 6 :Ce; LiSrAlF 6 : 
Ce; LiLu F 4 ;A (A= Pr, Tm, Er. Ce) ; Gd 3 Ga 5 0 12 :Tb; 
Gd 3 Ga 5 0 12 :Eu; Li 2 B 4 0 7 :Mn; SiO x :Er,AI (0<x<2), or 
MgF 2 :Mn; ZnS:Mn; ZnS:Ag; ZnS:Cu; CaSi0 3 :A; io 
CaS:A; CaO:A; ZnS;A; Y 2 0 3 : A; or MgF 2 :A, wherein 
A is an element of the lanthanides. 

Among these the more preferred embodiments are: 
YV0 4 :Eu; YV0 4 :B,Eu; YV0 4 :Sm; YV0 4 :Dy; « 
LaP0 4 :Eu; LaP0 4 :Ce; LaP0 4 :Ce,Tb; YbP0 4 :Er, 
LaP0 4 :Yb, Er; LaP0 4 :Nd; NdP0 4 . LaP0 4 :Ce,Nd; 
ZnS:TbF 3 ; ZnS:Eu; ZnS:EuF 3 ; Y 2 0 3 :Eu; Y 2 0 2 S: 
Eu; Y 2 Si0 5 :Eu; Si0 2 :Dy; Si0 2 :AI; Y 2 0 3 :Tb; CdS: 
Mn; ZnS:Tb; ZnS.Ag; ZnS:Cu; Ca 3 (P0 4 ) 2 :Eu 2+ ; 20 
Ca 3 (P0 4 ) 2 :Eu 2+ , Mn 2+ ; Sr 2 Si0 4 :Eu 2+ ; BaAI 2 0 4 : 
Eu 2 +, or BaAI 2 0 4 :EU 2+ ; LaF 3 :Nd; LaF 3 :Ce,Nd; 
LaF 3 :Yb, Er ; YF 3 :Yb,Er; YF 3 :Yb, Ln (Ln- Er,Tm, 
Ho,Sm,Pr) or CaF 2 :Eu 2+ . 

25 

[0030] It should be noted that the doped metal salts 
and oxides are preferably of non-semiconductor type 
since nanocrystalline semiconductor materials show 
quantum effects which makes their colour dependent 
from their average size and size distribution. This is un- 30 
desired for a high reproducibility as required for lumi- 
nescent materials. 

illb. Synthesis of nanoparticles 

35 

[0031] Methods for making nanoparticles involve dry 
and wet methods. 

[0032] One suitable dry method is the spray pyrolysis 
as described in WO 00/38282 for ultrafine rare earth 
metal (REM)-doped metal oxides. *o 
[0033] Applicable wet methods are known to include, 
but are not limited to sol-gel processes or organometal- 
lie processes (US 6,309,701 for fluorescent, REM- 
doped meta! oxides), hydrothermal synthesis, glyco- 
thermal synthesis or the organic synthesis with "crystal <s 
growth regulating" substances, the latter three tech- 
niques being preferred in the present invention. 
[0034] The "Hydrothermal synthesis" of metal 
salts (resulting in spheroidal or needle-shaped nano- 
particles) is described for instance in 'Wet-Chemical so 
Synthesis of Doped Colloidal Nanomaterials: Particles 
and Fibers of LaP0 4 :Eu, LaP0 4 :Ce, and LaPO^Ce.Tb 1 
by Meyssamy H., Riwotzki K., Kornowski A., Naused S., 
and Haase M.. published on July 5th, 1 999, in Advanced 
Materials (1999), Vol. 11, No. 10, p 840ff. Using a wet- 55 
chemical synthesis of the starting materials in water (hy- 
drothermal synthesis) it is possible to make undoped or 
doped nanoparticles as colloidal "solution" in water. The 



reaction is performed in an autoclave to maintain the 
high pressure (typically from 10 to 20 bar) during the 
reaction. The reaction temperatures preferably range 
from 1 00 to 350°C. A hydrothermal method for forming 
needle-shaped rare earth metal oxide fluorides is dis- 
closed In US 6,316,377. Examples for a hydrothermal 
synthesis techniques can also be found in PCT/DE 
01/03433. 

[0035] Further steps of the "hydrothermal synthesis" 
method include precipitation followed by centrifugation 
which allows the preparation of a solid as a concentrate. 
[0036] The hydrothermal synthesis results in relative- 
ly large particles which often have needle-like shape. 
Further, a broad distribution of particle sizes typically 
characterizes the product. In the above-named method 
by H. Meyssamy, the percentage of nanoparticles with 
diameters of less than 25 nm is for instance around 20%. 
[0037] The nanoparticles to be modified may also be 
produced according to the so-called "glycothermal 
synthesis" using a diol (preferably an alkylendiol hav- 
ing from 2 to 8 carbon atoms) as solvent and working 
underpressure and high temperatures (e.g. from 150 to 
300 °C). Examples for a synthesis of aluminates and 
gallates in 1 r 6-hexanediol as solvent can be found in 
PCT/DE 01/03433. The disclosures of thefollowing pub- 
lications may also be consulted for the production of na- 
nocrystalline gallates and aluminates, respectively: 

"Synthesis of Rare Earth Gallium Garnets by the 
Glycothermal Method", by Inoue, M. et al., in Jour- 
nal of the American Ceramic Society, Vol. 81 No. 5, 
pp 1173- 1183; 

"Synthesis of submicron spherical crystals of gado- 
linium garnets by the glycothermal method", by In- 
oue, M. et al., in Journal of Materials Science Let- 
ters 14 (1995), pp 1303 - 1305; 

"Synthesis of Yttrium Aluminium Garnet by the Gly- 
cothermal Method", by Inoue, M. et al., in Commu- 
nications of the American Society, Vol. 74, No. 6, pp 
1452 - 1454; and 

"Reactions of rare earth acetates with aluminium 
isopropoxide In ethylene glycol: Synthesis of the 
garnet and monoclinic phases of rare earth alumi- 
nates", by lnoue : M. et al., in Journal of Materials 
Science 33 (1998), pp 5835 - 5841 . 

[0038] Similarly as the hydrothermal synthesis, the 
glycothermal synthesis also leads to nanoparticles com- 
prising fairly large particles and having a broad size dis- 
tribution. 

[0039] Hydrothermal and glycothermal synthesis are 
preferably employed in the production of aluminates, 
gallates, silicates, germanates, vanadates, niobates, 
tantalates, wolframates, and molybdates. 
[0040] According to a further method referred to as 



5 



9 



EP 1 431 352 A1 



10 



"organic synthesis", the process forthe preparation of 
a nanocrystalline metal salt preferably involves the fol- 
lowing steps: 

a) reacting, in an organic reaction medium compris- 
ing a solvent mixture comprising at least one crystal 
growth-controlling organic solvent and optionally at 
least one further solvent, a reaction medium-solu- 
ble or -dispersible metal source and a reaction me- 
dium-soluble or -dispersible anion source, 

b) optionally removing the reaction medium from 
the nanocrystalline metal salt formed thereby, and 

c) optionally recovering the nanocrystalline metal 
salt. 

[0041] The reaction medium can be removed by dis- 
tillation, centrifugation or ultrafiltration. In contrast to the 
glycothermal method, this reaction medium does not re- 
quire the presence of a diol. 

[0042] Steps bandcarenot essentia! in the present 
invention, if the fluorine-containing surface modifier has 
a stronger affinity to the nanoparticle surface than the 
reaction medium used for the "organic synthesis". Then 
it may directly be added to the reaction medium without 
prior isolation of the nanoparticles. 
[0043] Depending on the susceptibility of the metal 
source to oxidation, it is preferred to conduct the reac- 
tion under inert gas, such as nitrogen or argon. 
[0044] Regarding the degree of purity of starting ma- 
terials it is preferred to use metal salts having a purity 
of at least 99,9 % as metal source of the nanoparticle to 
be produced. All reactants and the solvents used are 
preferably water-free and/or are dried prior to use. How- 
ever, metal chlorides which are frequently employed as 
hydrates should preferably not be subjected to a longer 
drying procedure since this may enhance the formation 
of reaction medium-Insoluble oxychlorides. 
[0045] The reaction is preferably conducted at a tem- 
perature of from 120 to 320 °C, in particular 1B0 to 
290°C. A suitable temperature can be easily determined 
by a skilled person by monitoring the reaction of the re- 
actants at gradually increasing temperatures thereby 
determining the "synthesis minimum temperature" at 
which the reaction proceeds with sufficient speed. This 
can be done for instance by precipitating the nanopar- 
ticles from samples of the reaction medium and studying 
the particle growth with increasing reaction time 
[0046] Suitable reaction times can be determined in 
the same manner and typically range from 1 0 min to 48 
hours, in particular 30 min to 20 hours. 
[0047] After completion of the reaction, the reaction 
mixture is cooled down to room temperature. If the na- 
noparticles have not yet fully precipitated during the re- 
action time or aftercooling, it is possible to add methanol 
in order to obtain maximum yields. 
[0048] Without being bound to theory, it is believed 
that the "Crystal growth-controlling organic solvent" co- 
ordinates with the nanoparticles formed and thereby ter- 



minates their growth after a certain crystal size has been 
reached. 

[0049] It leads to fairly small particles (preferably £1 0 
nm), <8 nm, e.g. 4 to 5 nm) with narrow size distribution 

5 (standard deviation <30%, <10%). The "crystal growth- 
controlling organic solvent" is characterized by the pres- 
ence of a polar group capable of linking to the metal salt 
and at least one second molecule portion (less polar, 
preferably hydrophobic), for instance aliphatic, aromat- 

10 ic/aliphatic or purely aromatic molecule portion having 
preferably 4 to 20, in particular 6 to 14 carbon atoms. 
The number of second molecule portions is limited by 
the valency of the polar group (e.g. one for substituted 
phosphates and up to three, but preferably one or two 

15 for amines). The presence of one polar and at least one 
hydrophobic molecule portion (typically at opposite 
ends of the molecule) entails surfactant-like properties 
for the "crystal growth-controlling organic solvent". 
[0050] The "crystal growth -controlling organic sol- 

20 vent" is preferably a phosphororganic compound or a 
mono- or disubstituted amine. The most preferred em- 
bodiments can be described as follows: 

• mono- or dialkylamine wherein the alky! residue 
25 preferably has from 4 to 20, in particular 6 to 1 4 car- 
bon atoms, such as dodecylamine or bis(ethyl- 
hexyl)amine, 

• among the phosphororganic compounds at least 
one of the following substances: 

30 

a) esters of phosphinic acid, ((R-i-)( R 2')( R 3'°") 
P=0), 

b) diesters of phosphonic acid, ((Rr)(R 2 -0-) 
(R 3 -0-)P=0), 

35 c) triesters of phosphoric acid (trialkyl phos- 

phates), 

((R 1 -O-)(R 2 -0-)(R 3 -O-)P=0), such as trlbutyl- 
phosphate or tris(ethylhexyl)phosphate, 

d) trialkyl phosphines, (( R r)( R 2-)( R 3-)P). par- 
40 ticularly trioctylphosphine (TOP), 

e) trialkyl phosphine oxides, ((R 1 -)(R 2 -)(Ra-) 
P=0), particularly trioctylphosphine oxide 
(TOPO). 

« [0051] R n , R 2 , R3 are preferably selected from 
branched or linear aliphatic (preferably alkyl), aliphatic- 
aromatic or aromatic residues having from 4 to 20, more 
preferably 6 to 14, in particular 8 to 10 carbon. Examples 
for aromatic residues are phenyl. Aromatic-aliphatic res- 

50 idues can be exemplified by tolyl, xylyl, or benzyl. 
[0052] The use of phosphororganic compounds (a) to 
(c) is more preferred. This applies in particular to those 
wherein R 1f R 2 , R3 are each alkyl having the above- 
mentioned carbon numbers. 

55 [0053] The "crystal growth-controlling organic sol- 
vent" is preferably used in amount of at least 10 mol% 
based on the molar amount of the metal atom(s) used 
a metal source, if it represents the sole solvent. A pre- 
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f erred upper limit may be 1000 mol%. 
[0054] Depending on the choice of the "crystal 
growth-controlling organic solvent" , e.g. trialkyl phos- 
phate ortrialkyl phosphine, respectively, and particularly 
on the length of the alkyl residue, however, the use of 
such large amounts may be inconvenient, since the sub- 
stances are very expensive or necessitate a laborious 
synthesis. Further, the precipitation from the pure "crys- 
tal growth-controlling organic solvent" may be incom- 
plete. 

[0055] Therefore, it is preferred to use additionally "at 
least one further solvent". In this embodiment, the "crys- 
tal growth-controlling organic solvent' is preferably used 
in a molar amount of less than 10 mol, more preferred 
0.9 to 5 moL and even more preferred 0.95 to 1 .5 mol, 
based on the metal ion(s) used as metal source. The 
amount of the "at least one further solvent" is preferably 
from 0,5 to 10 mol. 

[0056] The "at least one further solvent" should be 
miscible with the crystal growth controlling organic 
solvent" (at least at the synthesis temperature, prefera- 
bly also at room temperature (20°C)) and have a boiling 
point (at ambient pressure (1 01 3 mbar)) above the syn- 
thesis minimum temperature, preferably a boiling point 
above 150°C, more preferably above 180°C, most pre- 
ferred above 210 °C. A boiling point above 400°C can 
be undesired. 

[0057] The "at least one further solvent" can be hy- 
drocarbon-based or have at least one polar group. The 
use of the latter is preferred, if water of crystallization is 
present in the metal salt starting compounds and said 
water is to be replaced by a solvent which is capable of 
coordinating to the metal. The solvent is preferably se- 
lected from 

• a solvent having at least one ether functionality; in 
particular dialkylethers having from 5 to 10 carbon 
atoms per alky! group, such as dipentyl ether, di- 
hexyl ether, diheptyl ether, dioctyl ether, dibenzyl 
ether, diisoamyl ether; diary) ethers or diaralkyl 
ethers, having in total from 12 to 18 carbon atoms, 
such as diphenyl ether or dibenzylether; or mono- 
or diethylene glycol dialkylether, such as diethylene 
glycol dibutyl ether, diethylene glycol dibutyl ether, 
and/or 

• branched or unbranched alkanes, which preferably 
have from 10 to 18 carbon atoms, in particular 12 
to 16 carbon atoms, such as dodecane or hexade- 
cane, and/or 

• an organic high-boiling base, preferably an N-con- 
taining aliphatic or N-containing aromatic base, 
most preferably a trisubstituted amine, in particular 
trialkylamine compounds having from 5 to 10 car- 
bon atoms per alkyl group, such as trioctylamine or 
tris(2-ethylhexyl)amine. 



[0058] They also may be used in combination. 
[0059] These bases may not only serve as solvent. 
The organic high-boiling base can also function as acid 
scavenger, for instance if an acid such as phosphoric 

5 acid is employed as anion source. Then it may be pre- 
ferred to use the base in an approximately equlmolar 
amount with respect to the acid hydrogens. 
[0060] The "cation source" can be selected from any 
suitable (sufficiently reactive) metal salt, but is prefera- 

10 bly a metal chloride, metal alkoxide (wherein the alkox- 
ide preferably has from 1 to 6 carbon atoms, in particular 
1 to 4 carbon atoms), a metal nitrate or a metal acetate. 
Hydrated metal salts may also be used. 
[0061 ] The "anion source" Is preferably selected from: 

15 

a. free acids of the salts of the particular metal salt 
nanoparticles which are to be prepared, or 



b. salts that are soluble or at least dispersible in the 
20 synthesis mixture, in particular salts with an organic 

cation, or metal salts, the latter preferably being al- 
kali metal salts, or 

c. organic compounds which release the anion be- 
25 yond an increased synthesis minimum tempera- 
ture, and a suitable, anion-donating substance is 
selected from the class of substances depending 
on a respective selection of the salt of the nanopar- 
ticles to be prepared as further explained in PCT/ 

30 DE 01/03433. 

[0062] As to item a), it is for instance possible to use 
in the the "organic synthesis" phosphoric acid as anion 
source for the preparation of nanoparticles with phos- 
35 phorus-containing anions, boric acid as anion source for 
the preparation of nanoparticles with boron-containing 
anions, and hydrofluoric acid as anion source for the 
preparation of nanoparticles with fluorine-containing an- 
ions. 

40 [0063] Option b) involves the preferred use of an or- 
ganic salt comprising the anion and an organic cation, 
e.g. a protonated organic base in the corresponding mo- 
lar amounts. The anion is that of the nanoparticle to be 
produced, e.g. fluoride, phosphate, sulfide or sulfate or 

45 a hydrogenated form thereof (e.g. dlhydrogenphos- 
phate, hydrogen sulfate) . 

[0064] The cation is preferably seleted from basic N- 
containing aliphatic, aromatic and aliphatic/aromatic 
substances which preferably have from 4 to 30, prefer- 

50 ably 4 to 20 carbon atoms. 

[0065] Suitable cations involve tetraalkylam-nonium 
wherein each alkyl group independently may have from 
1 to 5 carbon atoms or protonated aromatic bases such 
as pyridine or collidine. For example, to prepare nano- 

55 particles with phosphate-containing anions, tetrabuty- 
lammonium dihydrogenphosphate, tetramethylam- 
mnium dihydrogenphosphate, or triethylammonium di- 
hydrogenphosphate used as anion source; to prepare 
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nanoparticles with sulphate-containing anions, 
tetrabutylammonium hydrogensulphate, tetramethyl- 
ammonium hydrogensulphate, bis-tetrabutylammoni- 
um sulphate, or triethylanmonium hydrogensulphate 
can be used; to prepare nanoparticles with fluorine-con- 
taining anions, trlethylamlne-trishydrofluorlde, pyridine 
hydrofluoride, or collidine hydrofluoride can be used; 
and to prepare nanoparticles with sulphide-containing 
anions, collidine hydrosulfide can be used as anion 
source. 

[0066] Further details regarding suitable reactants 
and other synthesis conditions of the organic synthesis 
can be taken from PCT/DE 01/03433. 
[0067] The organic synthesis can also be used for the 
synthesis of halophosphates, alkalihalogenates, other 
halides (in particular fluorides), nitrides, sulphides, se- 
lenides, sulphoselenides, as well as oxysulphides. It is 
preferably employed in the synthesis of phosphates, ar- 
senates, sulfates, borates, and fluorides. 

HIc. Surface-Modified Nanoparticles and the Surface 
Modification Technique 

[0068] It is an essential feature of the present inven- 
tion that the surface of the above illustrated nanoparti- 
cles is modified with an organic compound having a first 
portion comprising at least one linking group for the na- 
noparticles and asecond portion comprising at least one 
fluorinated group. 

[0069] The above-described nanoparticles which are 
to be dispersed in a fluorinated-medium, are typically 
polar compounds, either due to their ionic character or 
the presence of polar covalent bonds. Therefore, it is 
preferred that the linking group is a polar group. "Polar 
groups" can be groups capable of donating electron 
pairs ("Lewis bases") such as hydroxy or ether oxygen, 
N- ortrivalent P-containlng compounds, and/or neutral 
groups having a sufficiently high electric dipolmoment 
for linking to the nanoparticle. or ionic compounds such 
as ammonium or carboxy. 

[0070] The polar group is preferably selected from hy- 
droxy, carboxylic acid, carboxylic ester, ether oxygen, 
amine or amino, amide, nitril or cyano, phosphoric acid 
or phosphoric acid ester, phosphonic acid orphosphon- 
ic acid ester, phosphinic acid or phosphinic acid ester, 
or phosphane, phospane oxide, sulfuric acid or sulfate, 
sulfonic acid or sulfonic acid ester, thiol or di-substituted 
sulfide. 

[0071] The polar group, thus, can be monovalent (e. 
g. hydroxy, carboxylic acid) divalent (e.g. ether oxygen), 
trivalent (phosphor esters) ortetravalent (amino). 
[0072] The resulting preferred type of surface modifier 
is represented below by the formulae in brackets. 

• hydroxy (HO-R^, also including phenols, 

• carboxylic acid (HOOC-F^), 

• carboxylic ester (F^OOC-R^, 

• ether oxygen (R^O-Rj), 



• amine (H 2 N-R 1 or HN(R 1 ) 2 (R Z )) 

• amino ((R^N^)), 

• amide ((R 5 ) ^(DC-R^, 

• nitrile (CN-R.,) or cyano (NC-R^, 

5 • phosphoric acid ester or the corresponding mono- 
or dlaclds ((R r O-)(R 2 -0-)(R 3 -0-)P=0)), 

• phosphonic acid ester or the corresponding mono 
acid((R r )(R 2 -0-)(R 3 -0-)P=O)), 

phosphinic acid ester ((Rr)(FV)(R3-0-)P=0)). 
10 • phosphanes ((RrMFVMRaOP)). 

• phosphane oxide, ((R r ) (R 2 -) (R 3 -) P=0)), 

• sulfates (R 1 0-S0 2 -OR 2 ) or the corresponding mo- 
no acid, 

sulfonic acids (R r S0 2 -OH) or sulfonic acid esters 
is (R r S02-OR4), 

• thiol, (HS-R.,), or 

• disubstituted sulfide (R 2 -S-R.,); 

wherein R-,, R 2 and R 3 are independently selected from 
20 fluorinated organic groups, preferably fluorinated 
aliphatic, mixed aromatic/aliphatic or aromatic groups. 
Preferably aliphatic groups are used which can be 
branched or linear, acyclic or cyclic. The use of linear 
alky! groups is particularly preferred. R 1 , R 2 and R 3 pref- 
25 erably have carbon numbers not higher than 20, in par- 
ticular not higher than 14 (e.g. 10). 
[0073] R 4 and R 5 can have the same meaning as R 1f 
R 2 and R 3 , but may also represent fluorine-free lower 
alky! (e.g. C, , C 2 , C 3 or C 4 ) in the case of R 4 , or hydro- 
30 gen or fluorine-free lower alkyl (e.g. C v C 2 , C 3 or 
for R 5 . 

[0074] Further, heteroaromatic compounds having at 
least one oxygen or nitrogen atom and preferably up to 
20 (e.g. up to 12) carbon atoms, such as pyridine may 
35 be used. 

[0075] The use of (hetero)aromatic groups may then 
be undesired, if they absorb In the wavelength range of 
the light acting upon the nanoparticle or emitted thereby. 
The same applies of course to other light absorbing 
40 groups. If the nanoparticles are to be used for light ab- 
sorption and emission, a skilled person will be in the po- 
sition to chose among the available surface-modifiers 
those which show the least interaction with the light ab- 
sorbed or emitted. 
45 [0076] Further, it is to be taken into consideration that 
it is desirable to increase, as far as possible, the number 
of surface-modifying molecules per nanoparticle, and 
thereby the number of fluorinated groups interacting 
with the fluorinated medium. If the surface modifier 
so therefore contains sterically bulky units, such as aromat- 
ic groups or branched units, these should preferably not 
be located in vicinity to the linking group, but rather at 
or close to the end(s) lying opposite to the linking group. 
Correspondingly, it will be preferred to fluorinate these 
55 groups, if they are present. 

[0077] Generally, it is preferred to use a liquid (at 
20°C) surface modifier, in order to facilitate the removal 
of excess amounts after the surface modification has 
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been completed. If solid surface modifiers are used, 
they should preferably have a relatively low melting 
point, for instance below 40°C. 
[0078] In order to fulfil these requirements, it is pre- 
ferred that the total number of carbon atoms in the sur- 
face modifier does not exceed 24. More preferred car- 
bon ranges are from 6 to 20 and 8 to 14 (e.g. 10 or 12). 
[0079] The surface modifier used comprises at least 
one fluorinated group. 

[0080] The expression "fluorinated group" is used in 
the present invention preferably for those groups based 
on a carbon chain to each carbon atom of which at least 
one fluorine atom is attached. 

[0081] The expression "fluorinated" , as used herein- 
before, always includes partly fluorinated groups having 
fluorine contents of at least 50 mole % based on the total 
number of hydrogen and f luor atoms present in the fluor- 
inated group, and completely fluorinated units (also re- 
ferred to as "perfluorinated"). 

[0082] The fluorinated group preferably has at least 
two carbon atoms. More preferred lower limits involve 
at least 3, 4, 5, 6, 7, 8 carbon atoms depending on the 
overall size (carbon number) of the organic surface 
modifier. A theoretical upper limit for the number of car- 
bon members is the total number of carbon atoms in the 
surface modifier (if the polar group does not contain C- 
containing units which cannot be fluorinated such as 
carboxy ester or carboxy amide). Preferred upper limits 
are, however, maximally 16, 14 or 12 with increasing 
preference. 

[0083] Depending on the type of medium in which the 
nanoparticles are to be dispersed, in particular its de- 
gree of fluorination, a corresponding increase in the de- 
gree of fluorination within the organic surface modifier 
is preferred. According to preferred embodiments, the 
overall fluorine content of the organic surface modifier, 
in mole % based on the total number of hydrogen and 
fluorine atoms can therefore be at least 50%, at least 
60%, at least 70%, or at least 80% with increasing pref- 
erence. 

[0084] In order to ensure an optimal interaction be- 
tween the surface modifier and the fluorinated medium, 
it is further preferred that the fluorinated group is located 
at the opposite end(s) of the organic modifier with re- 
spect to the linking group. 

[0085] As "opposite end(s)" we understand that distal 
end of the organic residue(s) substituting the linking 
group which is not covalently bonded thereto. Monova- 
lent polar groups such as hydroxy thus have only 1 "op- 
posite end", bivalent groups have 2 and so on. 
[0086] Experiments with perfluorinated surface mod- 
ifiers, such as perf luorodecan-1 -ol have shown that the 
presence of fluorine atoms in close vicinity (in alpha or 
beta position) to the linking group may decrease its re- 
activity (linking capacity) due to the electron withdrawing 
effect of the fluorine atoms. This may not be detrimental, 
if the linking group has a relatively high electron density. 
However, if such a decrease in reactivity is observed, it 



is generally preferred to employ organic modifiers hav- 
ing a non-fluorinated spacer between the linking group 
and the fluorinated group. This spacer can be suitably 
selected according to the overall size (in particular car- 

5 bon number) of the organic residues substituting the 
linking group. Preferably the spacer chain consists of at 
least two atoms, in particular carbon atoms. The maxi- 
mum chain length of the spacer can be determined ac- 
cording to the desired degree of fluorination which as 

10 mentioned is preferably at least 50 mole %. 

[0087] Many examples of the above-described pre- 
ferred embodiments for the surface modifier are com- 
mercially available, including fluorinated carboxylic ac- 
ids, fluorinated alkanols, fluorinated carboxylic acid es- 

15 ters, fluorinated sulfonic acids. Other compounds can 
be synthesised according to methods known in the art 
of fluorine chemistry or analogous methods. 
[0088] A class of compound being preferred for the 
performance of the present invention are fluorinated al- 

20 kanols of the following formula: 

HO-(CH 2 ) x (CF 2 ) y (CF 3 ) 

25 wherein x and y are integers, x is at least 2, x+y+1 is 
from 6 to 20, y/x is at least one, preferably at least 2, 
more preferably at least 3, more preferably at least 4. 
[0089] The process for the preparation of the surface- 
modified nanoparticles of the invention comprises the 

30 steps of: 

• providing nanoparticles (in the manner explained 
before), and, 

• adding thereto the above described organic surface 
35 modifier. 

[0090] The organic surface modifier can be added 
solely or in combination with compatible solvents to the 
nanoparticles. "Compatible" means that the other sol- 
40 vent completely dissolves the surface modifier, at least 
at higher temperatures. The other solvent may for in- 
stance be a suitable fluorinated hydrocarbon. 
[0091] Depending on the synthesis conditions of the 
nanoparticles to be modified, they may already have a 
45 layer of molecules (a solvent, e.g. a crystal growth con- 
trolling solvent in the case of the so-called "organic syn- 
thesis") which may impede an effective surface modifi- 
cation. Then, it will become necessary to replace the al- 
ready existing layer by the layer of fluorinated surface 
so modifying agents in accordance with the invention. 
[0092] Therefore, but also to increase the velocity of 
the linking process, it can be desired to perform the sur- 
face modification at higher temperatures, for instance, 
at a temperature of from 100 to 300°C, preferably 150 
55 to 250°C. 

[0093] It is possible, but not necessary to conduct the 

reaction under elevated pressure. 

[0094] Although less than the equimolar amount of 
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surface modifier may be sufficient to modify the surfaces 
of the nanoparticle, it should be taken in to account that 
nanoparticles can have a fairly high number of atoms 
(e.g. approximately a third depending on the size of the 
nanoparticles) located at the surface when compared 
with bulk materials. Therefore, It is generally preferred 
to use at least 0,5 mol to 10 mol, in particular 0,9 to 2 
mol with respect to the molar amount of the metal in the 
nanocrystalline material. 

[0095] In order to increase the reactivity of linking 
groups having acid hydrogen atoms, such as hydroxy, 
carboxy, amine, partial phosponic acid esters or phos- 
phoric acid esters, bases can be added. If the solubility/ 
miscibility of the reacting copounds is too low, a sur- 
factant or emulsifier other than the so-called "surface- 
modifier" can be added. Suitable surfactants or emulsi- 
fier can be selected from commercially available ionic 
or nonionic fluorinated surfactants (e.g. some examples 
of Zony KS) surfactants available from DuPont). "Surface- 
modifier" and/or surfactant/emu Isifier can also be ad- 
mixed to enhance the stability of the final dispersion in- 
cluding the surface-modified particles and the fluorinat- 
ed medium. 

[0096] The surface-modification can be monitored by 
injecting small volumes of the treatment mixture into a 
fluorinated solvent, such as perfluorohexane, perfluor- 
obutyltetrahydrofurane or perfluoroethylen glycol. If pri- 
or to the surface treatment of the invention, the nano- 
particles resulted in a cloudy, colloidal dispersion in the 
fluorinated solvent, or even precipitated from the fluori- 
nated solvent, and afterwards the transparency has in- 
creased, or more desirably a clear dispersion (quasi-so- 
lution) is obtained, surface modification has taken place. 
The surface modification may also be assessed with re- 
spect to the homogeneity or stability of the dispersion, 
for instance based on a reduced tendency of the parti- 
cles to deposit. 

[0097] After cooling the reaction mixture to room tem- 
perature, the surface modified nanoparticles can be iso- 
lated with the following techniques: 

• distilling off the excess of organic surface modifier 
(and, if necessary the solvent), 

• precipitating the nanoparticles by adding a further 
solvent which decreases the dispersibility of the 
modified nanoparticles in the mixture obtained. 

• Ultrafiltration through membranes with a pore size 
corresponding to 1000 Da or 500 Da. Typically a 
pressure of 2 to 5 bar is necessary to change the 
solvents in an adequate cell. 

[0098] In each case it may be preferred to wash the 
nanoparticles obtained. 

[0099] The isolated modified nanoparticles show an 
improved dispersibility in fluorinated media, when com- 
pared with the corresponding non-modified particles. 
[0100] The expression "dispersibility" means the abil- 
ity to form dispersions in a fluorinated medium, where 



the particles do not immediately flocculate and sediment 
due to the formation of larger aggregates. These "dis- 
persions" may be transparent, if the nanoparticles dis- 
persed have an average particle size no longer interact- 

5 ing with visible light (about 30 nm or less) . 

[0101] It is possible to detect (visualize) by suitable 
spectroscopic methods (e.g. luminescence spectrogra- 
ph^) the presence of surface-modified nanoparticles of 
the present invention in clear dispersions in a fluorinated 

10 medium. 

Fluorinated Medium Containing Surface-Modified 
Nanoparticles 

15 [0102] Depending on the type of application, a suita- 
ble amount of nanoparticles to be incorporated into the 
fluorinated medium is selected. 
[01 03] Preferably, the fluorinated medium contains as 
dispersion from 0.1 to about 50 weight % of the surface- 

20 modified nanoparticles, more preferably from 1 to 20 
weight %, in particular from 5 to 1 0 weight %, based on 
the weight of the fluorinated medium. 
[0104] For luminenescent applications the matrix 
(medium) ist preferably selected to be optically trans- 

25 parent to wavelengths at which excitation, fluorescence 
or luminescence of the luminescent nanoparticles oc- 
curs. 

[0105] If applications of luminescent nanoparticles 
are envisaged, for instance, as light amplifier or emitter, 
so the fluorinated medium preferably contains from 5 to 20 
weight % nanoparticles, based on the weight of the fluor- 
inated medium. 

[0106] The fluorinated medium preferably represents 
a fluorinated solvent (being liquid or solid at 20°C) or 

35 polymer (being liquid or preferably solid at this temper- 
ature) whereas the term "fluorinated" is to be under- 
stood as partially fluorinated or per-fluorinated. 
[0107] The expression "partially fluorinated" is intend- 
ed to mean in the context of the fluorinated medium, me- 

40 dia having preferably a fluorination degree of at least 50 
mole %, based on the total mole number of hydrogen 
and fluorine atoms, more preferably at least 60, at least 
70 or at least 80 mole %. 

[0108] The fluorinated medium is preferably selected 
45 from hydrocarbons of aliphatic or aromatic type, heter- 
oaromatic compounds primary, secondary or tertiary al- 
cohols, polyalcohols, carboxylic acids, carboxylic acid 
esters, dialkyl ethers, primary, secondary, or tertiary 
amines, quaternary ammonium salts, polyamines, 
50 amides, nitrides, glycols, organic phoshoric acid tri- 
esters, as well as the corresponding mono- or diacids 
acids, organic phosphonic acid di-esters as well as the 
corresponding mono acids, organic phosphinic acids, 
trialkyl phosphanes, trialkyl phosphane oxides, organic 
55 sulfates as well as the corresponding acids, organic sul- 
fonates as well as the corresponding acids, thiols and 
dialkyl sulfides. 

[0109] Among the above components, the following 
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classes of compounds are preferred: primary, second- 
ary or tertiary alcohols, polyalcohols, primary, second- 
ary or tertiary amines, polyamines and glycols. 
[01 10] As seen from the above enumeration, the me- 
dium may be identical with the above described fluori- 
nated surface modifier, although this is not necessary 
or particularly preferred. At any rate, reference is also 
made to the above given more detailed description of 
preferred surface-modifiers. 

[01 1 1 ] Each of the above-defined classes of f luorinat- 
ed media may be liquid or solid (at 20°C) which, as 
known in the art, depends to a great deal from the car- 
bon number but is preferably liquid. 
[0112] All these fluorinated media are organic com- 
pounds which may have linear or branched aliphatic, al- 
icyclic, heterocyclic aromatic and/or heteroaromatic res- 
idues. 

[0113] The surface modification of the present inven- 
tion opens up various applications where the use of na- 
noparticles in fluorinated solvents can be of interest, if 
fluorinated polymers are to be produced from a solution 
of fluorinated monomers, nanoparticles which are to im- 
part specific properties to the final polymer can be in- 
corporated into the monomer mixture. 
[01 1 4] If the corresponding nanocrystalline metal ox- 
ide or salt exerts a catalytic effect, it will now be possible 
to increase the dispersibllity of nanoparticles in a reac- 
tion mixture containing or consisting of fluorinated reac- 
tants. 

[0115] The unique properties of fluorinated surfaces 
may also be used to finely disperse the nanoparticles 
as dust (for application as aerosol or in gas phase proc- 
esses). The reduced interaction of fluorinated surfaces 
with water and moisture can prevent their aggregation 
and flocculation in such processes. 
[01 16] The fluorinated polymer can be selected from, 
but is not limited to, thermoplastic, elastomeric (cross- 
linked or not) and elastoplastic materials. 
[0117] Usable thermoplastic fluoro-polymers include, 
but are not limited, to 

• polytetrafluorethylene (PTFE), 

• tetrafluoroethylene(TFE)-hexafluoropropene(HFP) 
polymers (FEP), 

• and tetrafluoroethylene(TFE)-perfluoro(propyle- 
nevinyl ether) (PPVE) copolymers (PFA), 

• TFE-ethylene copolymers (ETFE), 

• polychlorotrifluoroethylene (PCTFE), 

• CTFE (chlorotrifluoroethylene)-ethylene copoly- 
mers (ECTFE), 

• poly(vinylfluoride)(PVF) ! 

• poly(vinylidenefluoride (PVDF) and 

• copolymers of VDF (vinylidenefluoride). 

[01 18] The surface-modified nanoparticles can be in- 
corporated into these thermoplastic fluoropolymers by 
techniques as used and known in the art for the incor- 
poration of filler materials, for instance, by melt knead- 



ing. Since the high melt viscosity of PTFE resins pre- 
vents processing by conventional extrusion and mould- 
ing techniques, sintering techniques are preferably 
used. The nanoparticles can be blended dry with the PT- 

5 FE powder before sintering or can be coagulated with 
the dispersion to produce a filled fine powder. With other 
thermoplastic fluoropolymers having a lower melt vis- 
cosity, conventional kneading, extrusion and moulding 
techniques can be used. 

10 [0119] Of particular interest for optical applications 
are transparent fluoro-polymers such as FEP resins 
which are presently used in solar collector windows be- 
cause of their excellent weatherability and high solar 
transmission. PFA resins are also known to have good 

15 optical properties and are colorless and transparent in 
thin sections. 

[0120] Fluorine containing elastomers are designed 
to maintain their elasticity under severe conditions in- 
cluding high temperature. They include, but are not lim- 

20 itedtofluorocarbon elastomers, fluorosilicons andfluor- 
oalkoxyphosphazines. Preferred embodiments of fluor- 
ocarbon based elastomers are VDF-HFP, 
VDF-HFP-TFE or VDF-PMVE-TFE wherein VDF is vi- 
nylidene fluoride, HFP is hexafluoropropene, TFE is 

25 tetrafluoroethylene and PMVE is perfluoro(methylvi- 
nylether). Besides the above mentioned elastomers 
based on vinylidine fluoride, elastomers based on 
tetrafluoroethylene-perfluoro(methylvinylether) or 
tetrafluoroethylene-propylene copolymers can be men- 

30 tioned. 

[0121] Generally, it is preferred to incorporate the na- 
noparticles into the fluoroelastomer preparation before 
cross-linking (vulcanisation). Standard rubber com- 
pounding equipment can be used for mixing, such as 

35 Banbury and other internal mixers, which are suited for 
preparing pre-compounds containing the nanoparticles. 
[0122] According to one preferred embodiment, the 
surface-modified nanoparticles are dispersed in a suit- 
able fluorinated solvent, which is capable of dissolving 

40 the fluorinated potymer to be used as matrix. The dis- 
persion of nanoparticles is then mixed with the polymer, 
either by adding thereto the polymer in an appropriate 
form, e.g. as powder or granulate to the dispersion or 
the other way around. Upon evaporation of the solvent, 

45 the polymer will form a solid phase containing homoge- 
nously dispersed particles. The solid material obtained 
thereby can be cast to form a film on surfaces, extruded 
to (optical) fibres or pressure-moulded to a formed arti- 
cle, e.g. to a construction element as used in a lumines- 

50 cent device. 

[0123] For optical application, e.g. in the telecommu- 
nication area, known fluoropolymers which hardly ab- 
sorb the wavelengths to be transmitted can be used. An 
example of such a fluorinated polymer made from fluor- 

55 ohydrocarbon monomers, oligomers or polymer compo- 
nents end-capped with radiation curable ethylenically 
unsaturated groups such as acrylate or methacrylate is 
disclosed in US 6,306,563. 
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[0124] Luminescent nanoparticles, such as REM 
doped compositions can also be preferably used in 
non-IR absorbing fluoropolymers, such as poly(vinylflu- 
oride), poly (vinylidenfluoride), Teflon AF (an amor- 
phous poly(vinylfluoride)) and Teflon PFA (a perfluoro- 
alkoxy copolymer). 

[01 25] Other fluorinated polymers which can be used 
involve fluorinated polyester-, polyether-, poly aery I ate-, 
polyvinyl-, polyamide- and polyurethane- based poly- 
mers and copolymers. 

[0126] The present invention thus enables the con- 
struction of luminescent devices containing a fluorinated 
medium, in particular a fluorinated polymer, and the pre- 
viously described surface -mod if led (luminescent) nan- 
oparticles. 

[0127] The luminescent device may for instance be 
an optical amplifier, zero-loss link, upconversion light 
source, standard light source, a volumetric display, flat 
panel display or a source operating in a wavelength -di- 
vision-multiplexing scheme. 

Examples: 

1 . Synthesis of surface-modified NdPQ4 
1 .1 . Synthesis of NdPO A -nanoparticles: 
[0128] 

a) A 1000 ml round-bottom flask with reflux con- 
denser, temperature sensor and heating mantle at- 
tached is charged with 450 ml of tris(ethylhexyl) 
phosphate and evacuated at approx. 323 Kfor 1 h 
with stirring. 

b) In a second flask 10 ml of tris(ethylhexyl) phos- 
phate and 133 ml of trioctylamine are mixed and 
100 mmol of H3PO4 Is added. 

c) In a third flask NdCI 3 -6H 2 0 (100 mmol), is dis- 
solved in 40 mi of methanol and subsequently 
poured into the round-bottom flask. 

d) As soon as the metal salt is completely dissolved 
in methanol, the mixture is poured into the round- 
bottom flask and the methanol is removed by distil- 
lation at 323 K. 

e) The phosphoric acid-containing solution is then 
added and the reaction mixture is stirred overnight 
at a temperature of 473 K. As soon as the internal 
temperature is decreased to 448 K, 

f) the reaction is stopped, and 

g) the resulting nanoparticles can be precipitated 
from the solution by adding a 4-fold excess amount 
of methanol (2400 ml). 

1 .2. Surface-modification of NdPO ^ -nanoparticles 

[0129] A 25 ml round bottomed flask with reflux con- 
denser, temperature sensor and heating mantle at- 
tached is charged with 0.209 g NdP0 4 nanoparticles. 



1.5 ml 1 H, 1H, 2H, 2H-perfluorodecan-1-ol (commer- 
cially available from ABCR GmbH & Co. KG, Germany) 
is added thereto. The resulting mixture is heated slowly 
to 21 0°C under reflux cooling and with constant stirring. 

5 At this temperature a clear, boiling solution is obtained. 
This solution is maintained at 210°C over a period of 
time of 10 minutes and then left to cool down to room 
temperature again. During cooling thesolution again be- 
comes cloudy, however, to a much lesser degree than 

10 before heating. 

[0130] If perfluorohexane (1 0.ml) is added thereto as 
perfluorinated medium, a clear dispersion is obtained. 
[0131] The optical data (absorption spectrum and flu- 
orescence spectrum) of the NdP0 4 nanoparticles ho- 

15 mogeneously dispersed in the per-fluorinated medium 
correspond to those of dispersions in conventional, non- 
fluorinated solvents. This indicates that nanoparticles 
still exist as solid, dispersed phase. 
[0132] From the above solution behaviour it can fur- 

20 ther be concluded that the nanoparticles were success- 
fully surface-modified leading to an increased dispersi- 
bility both in 1H, 1 H, 2H, 2H perfluorodecan-1-ol and 
other perfluorinated solvents. 

25 2. Synthesis of surface-modified YbPO^ Er- 
nanoparticles 

2.1 .Synthesis of surface-modified YbPO^iEr- 
nanoparticles 

30 

[0133] 

a) A 250 ml round-bottom flask with reflux condens- 
er, temperature sensor and heating mantle at- 

35 tached is charged with 8,25 ml of tributylphosphate 
and evacuated at approx. 323 K for 1 h with stirring. 

b) in a second flask 45 ml of diphenyl ether is evac- 
uated at 353K for 5h, then mixed with 20ml trioc- 
tylamine. Finally, 4,5 ml of phosphoric acid is added 

40 to this solution. 

c) In a third flask YbCl 3 . 6H 2 0 (5,71 07g) and ErCl 3 
• 6H 2 0 (0,1 15g) are dissolved in 10 ml of methanol 
and subsequently poured into the flask containing 
solution (a). 

45 d) As soon as the metal salt is completely dissolved, 
the methanol is removed by distillation under re- 
duced pressure at 323 K. 

e) The phosphoric acid-containing solution is then 
added and the reaction mixture is stirred overnight 

50 at a temperature of 473 K. 

f) The reaction is stopped after 16h by decreasing 
the temperature to ambient temperature, and 

g) the nanoparticles are precipitated from the solu- 
tion by adding 400ml methanol to the reaction mix- 

55 ture. 
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2.2. Surface modification of YbPQ A :Er-nanoparticles 

[01 34] A 25 ml round bottomed flask with reflux con- 
denser, temperature sensor and heating mantle at- 
tached is charged with 0.5 g YbP04:Er nanoparticles. 
3 ml 1H,1H,2H,2H-perfluorooctan-1-ol (commercially 
available from ABCR GmbH & Co. KG, Germany) is 
added to the solid material. The mixture is heated to 
200°C under reflux and the stirred mixture is maintained 
at this temperature for 20 min. After 1 5 minutes the mix- 
ture becomes clear, which indicates, that a reaction on 
the particle surface has taken place. The heating is 
stopped and the warm solution is added to a fluorinated 
solvent. 

The product yielded by this treatment is so luble in a wide 
range of fluorinated solvents such as perfluorohexane, 
perfluorobutyltetrahydrofurane or perfluoroethylenegly- 
cols. 

3. Synthesis of surface-modified LaF^Nd-nanoparticles 

3.1 . Synthesis of LaF^:Nd-nanoparticles 

[01 35] LaF 3 :Nd-nanoparticles were synthesized from 
LaCI 3 .7H 2 0, NdCl 3 *6H 2 0 and Triethylamin-trishy- 
drofluroid (CH 3 CH 2 ) 3 N-3HF is a similar manner as de- 
scribed for example 36 (LaF 3 :Ce,Nd) in PCT/DE 
01/03433. 

3.2 Surface modification of LaF^Nd-nanoparticles 

[0136] A 10 ml round-bottomed flask with reflux con- 
denser, temperature sensor and heating mantle at- 
tached is charged with 50 mg LaF 3 :Nd-nanoparticles. 1 
ml Zonyl-BA L (mixture of 1H,1H,2H,2H-perfluoro alco- 
hols with different chain lengths, commercially available 
from Du Pont) Is added to the solid material . The mixture 
is heated to 200°C under reflux and the stirred mixture 
is maintained at this temperature for one minute. The 
dispersion is cooled to room temperature and remains 
clear at 20°C. 

The product yielded by this treatment is soluble in a wide 
range of fluorinated solvents such as: perfluoro hexane, 
perfluorobutyltetrahydrofurane or perfluoroethylenegly- 
col. 



Claims 

1 . Nanopartlcle being dispersible in a fluorine-contain- 
ing medium, comprising: 

an inorganic nanoparticle core, and 
an outer layer comprising an organic com- 
pound modifying the surface of the nanoparticle 
core and having a first portion comprising at 
least one linking group for the nanoparticle and 
a second portion comprising at least one fluor- 



inated group. 

2. Nanoparticle according to claim i , wherein the link- 
ing group comprises a polar group. 

5 

3. Nanoparticle according to claims 1 or 2, wherein the 
linking group is selected from hydroxy, carboxylic 
acid, carboxylic ester, ether oxygen, amine or ami- 
no, amide, nitril orcyano, phosphoric acid orphos- 

10 phoric acid ester, phosphonic acid or phosphonic 
acid ester phosphinic acid or phosphinic acid ester, 
phosphane, phospane oxide, sulfuric acid or sul- 
fate, sulfonic acid or sulfonic acid ester, thiol or di- 
substltuted sulfide. 

15 

4. Nanoparticle according to claim 1, wherein the 
fluorinated group is located at the opposite end(s) 
of the organic molecule with respect to the linking 
group. 

20 

5. Nanoparticle according to any of claims 1 to 4, 
wherein the overall fluorine content of the organic 
surface modifier is at least 50 mol% based on the 
total number of hydrogen and fluorine atoms, 

25 

6. Nanoparticle according to claim 5, wherein the 
overall fluorine content of the organic surface mod- 
ifier is at least 80 mol%. 

30 7. Nanoparticle according to any of claims 1 to 6, 
wherein the total carbon number of the surface 
modifying organic molecule is from 6 to 20. 

8. Nanoparticle according to claims 1 , 2 or 3 wherein 
35 a non-fluorinated spacer having at least 2 atoms is 

located between the linking group and the fluorinat- 
ed group. 

9. Nanoparticle according to claim 8, wherein this 
40 spacer has at least 2 carbon atoms. 

10. Nanoparticle according to claim 1, wherein the or- 
ganic surface modifier has the formula 

45 HO-(CH 2 )x(CF 2 )y(CF 3 ) 

wherein x and y are integers, x is at least 2, x+y+1 
is from 6 to 20, and y/x is at least one. 

50 

11. Nanoparticle according to claim 10, wherein y/x is 
at least three. 

12. Process for the preparation of nanoparticles being 
55 dispersible in a fluorine-containing medium, com- 
prising the steps of: 

providing inorganic nanoparticles, and 



13 



25 



EP 1 431 352 A1 



26 



adding thereto an organic compound having a 
first portion comprising at least one linking 
group forthe nanoparticle and a second portion 
comprising at least one f luoroinated group in or- 
der to modify the surface of the nanoparticle 
core. 

13. Process according to claim 12 : wherein the mixture 
of said nanoparticles and said organic compound is 
heated to a temperature from 100 to 300°C. 

14. Process according to claim 12 or 13, wherein the 
nanopartycles provided are obtainable by synthesis 
in a reaction medium comprising water, glycol or an 
organic solvent controlling the growth. 

15. Process according to claim 14, wherein the nano- 
particles are metal salts being producible according 
to a process comprising the step of: 

reacting, in an organic reaction medium com- 
prising a solvent mixture comprising at least 
one crystal growth-controlling organic solvent 
containing at least one phosporous or nitrogen 
atom, and optionally at least one further sol- 
vent, a reaction medium-soluble or dispersible 
metal source and a reaction medium-soluble or 
-dispersible anion source. 

16. Fluorinated medium containing the surface-modi- 
fied nanoparticles defined in any of claims 1 to 11 . 

17. Fluorinated medium according to claim 16 which is 
selected from partially or completely fluorinated sol- 
vents and polymers. 

18. Luminescent device comprising a fluorinated medi- 
um and surface-modified nanoparticles as defined 
in any of claims 1 to 11 having luminescent proper- 
ties. 



Amended claims in accordance with Rule 86(2) EPC 

1. Nanoparticle being dispersible in a fluorine-con- 
taining medium, comprising: 

an inorganic nanoparticle core selects from 
semiconductors of lll-V or ll-VI type, non-doped 
metal oxides, fluorescent, doped metal oxides, 
non-doped metal salts or doped metal salts and 
an outer layer comprising an organic com- 
pound modifying the surface of the nanoparticle 
core and having a first portion comprising at 
least one linking group forthe nanoparticle and 
a second portion comprising at least one fluor- 
inated group. 



2. Nanoparticle according to claim 1 , wherein the 
linking group comprises a polar group. 

3. Nanoparticle according to claims 1 or2 : wherein 
5 the linking group is selected from hydroxy, carbox- 

ylic acid, carboxyllc ester ether oxygen, amine or 
amino, amide, nitril or cyano, phosphoric acid or 
phosphoric acid ester, phosphonic acid or phos- 
phonic acid ester, phosphinic acid or phosphinic ac- 
10 id ester, phosphane, phospane oxide, sulfuric acid 
or sulfate, sulfonic acid or sulfonic acid ester, thiol 
or di-substituted sulfide. 

4. Nanoparticle according to claim 1, wherein the 
15 fluorinated group is located at the opposite end(s) 

of the organic molecule with respect to the linking 
group. 

5. Nanoparticle according to any of claims 1 to 4, 
20 wherein the overall fluorine content of the organic 

surface modifier is at least 50 mol% based on the 
total number of hydrogen and fluorine atoms. 

6. Nanoparticle according to claim 5, wherein the 
25 overall fluorine content of the organic surface mod- 
ifier is at least 80 mol%. 

7. Nanoparticle according to any of claims 1 to 6, 
wherein the total carbon number of the surface 

30 modifying organic molecule is from 6 to 20. 

8. Nanoparticle according to claims 1 , 2 or 3 where- 
in a non-fluorinated spacer having at least 2 atoms 
is located between the linking group and the fluori- 

35 nated group. 

9. Nanoparticle according to claim 8, wherein this 
spacer has at least 2 carbon atoms. 

40 10. Nanoparticle according to claim 1 , wherein the 
organic surface modifier has the formula 

-HO-(CH 2 )x(CF 2 )y(CF 3 ) 

45 

wherein x and y are integers, x is at least 2, x+y+1 
is from 6 to 20, and y/x is at least one. 

11 . Nanoparticle according to claim 10, wherein y/ 
so x is at least three. 

12. Nanoparticle according to any of claims 1 to 11 
wherein the metal salt is selected from phosphates, 
halophosphates, arsenates, sulphates, borates, 

55 aluminates, gallates, silicates, germanates, vanad- 
ates, niobates, tantalates, tungstates, molybdates, 
alkalihalogenates, other halides (in particular fluo- 
rides), nitrides, sulphides, selenides, sulphosele- 
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nides, as well as oxysulphides. 



13. Nanoparticle according claims 12 wherein the 
salt is doped and luminescent. 

5 

14. Process for the preparation of nanoparticles be- 
ing dispersible in a fluorine-containing medium, 
comprising the steps of: 

providing inorganic nanoparticles selected 10 
from semiconductors of lll-V or ll-VI type, non- 
doped metal oxides, fluorescent, doped metal 
oxides, non-doped metal salts or doped metal 
salts, and 

adding thereto an organic compound having a is 
first portion comprising at least one linking 
group for the nanoparticle and a second portion 
comprising at least one fluorinated group in or- 
der to modify the surface of the nanoparticle 
core. 20 

15. Process according to claim 1 4, wherein the mix- 
ture of said nanoparticles and said organic com- 
pound is heated to a temperature from 100 to 
300°C. 25 



16. Process according to claim 14 or 15, wherein 
the nanopartycles provided are obtainable by syn- 
thesis in a reaction medium comprising water, gly- 
col or an organic solvent controlling the growth. 



17. Process according to claim 1 6, wherein the na- 
noparticles are metal salts being producible accord- 
ing to a process comprising the step of: 

35 

reacting, in an organic reaction medium com- 
prising a solvent mixture comprising at least 
one crystal growth-controlling organic solvent 
containing at least one phosporous or nitrogen 
atom, and optionally at least one further sol- 40 
vent, a reaction medium-soluble or dispersible 
metal source and a reaction medium-soluble or 
-dispersible. anion source. 



18. Fluorinated medium containing the surface- *s 
modified nanoparticles defined in any of claims 1 to 
13. 



19. Fluorinated medium according to claim 18 
which is selected from partially or completely fluor- so 
inated solvents and polymers. 

20. Luminescent device comprising a fluorinated 
medium and surface-modified nanoparticles as de- 
fined in any of claims 1 to 13 having luminescent 55 
properties. , 
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